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Abstract 
Urban public parks can serve an important function by contributing to urban citizens’ quality of life. 
At the same time, they can be the location of processes of displacement and exclusion. Despite this 
ambiguous role, little is known about actual park use patterns. To learn more about park use in three 
parks in Zurich, Switzerland, extensive data on visitor activities was collected using a new method 
based on direct recording via a portable GIS solution. Then, the data was analyzed using qualitative 
and quantitative methods. This paper examines whether geographic visualization of these data can 
help domain experts like landscape designers and park managers to assess park use. To maximize 
accessibility, the visualizations are made available through a web-interface of a common, off-the-
shelf GIS. The technical limitations imposed by this choice are critically assessed, before the available 
visualization techniques are evaluated in respect to the needs and tasks of practitioners with limited 
knowledge on spatial analysis and GIS. Key criteria are each technique's level of abstraction and 
graphical complexity. The utility and suitability of the visualization techniques is characterized for 
the distinct phases of exploration, analysis and synthesis. The findings suggest that for a target user 
group of practitioners, a combination of dot maps showing the raw data and surface maps showing 
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Digital Representation of Park Use and Visual Analysis of Visitor Activities 
1 Introduction 
This paper examines the role of visualization techniques in the analysis of usage patterns of small 
urban public parks. The research formed part of a broader project (see acknowledgements) that 
investigated issues of social sustainability, participation in public park use, and implications for park 
design and management. To this end, the author collected detailed spatio-temporal data on visitor 
activities in three public parks in Zurich, Switzerland. Due to the complexity of the data and the 
exploratory character of the research, geographic visualizations and visual analytics played an 
important role in each phase of the work (Ostermann, 2009). 
The purpose of this paper is to describe and evaluate the utility of selected visualization techniques 
for the representation of the original data and results from spatial analysis. The key research 
objectives are to examine how these visualization techniques could help to generate knowledge on 
park usage, and how they relate to the needs of practitioners (landscape designers and urban 
planners). The main motivation is the finding that the possibilities that information visualizers see 
and implement do not necessarily represent the needs of practitioners (Fuhrmann, et al., 2005; 
Jones, Haklay, Griffiths, & Vaughan, 2009). Andrienko et al. (2006) report a mismatch between the 
task- and data-driven requirements of the latter and the technology-driven approach of the former. 
This gap is expressed by the slow adoption of geovisualization by practitioners, an observation that 
also applies to this research: Despite a close collaboration with the administrative body responsible 
for the design and maintenance of public parks, the communication of results during a one-day 
workshop proved difficult. The potential of a direct interaction of the practitioners with unprocessed 
data and results of spatial analysis remains largely unexplored.  
The applied research reported here cannot supply a detailed, empirical evaluation of each 
visualization techniques' utility. Nevertheless, it intends to contribute to the body of knowledge in a 
systematical way. With the target audience of practitioners in mind, the evaluation is limited 
purposefully to visualization types and capabilities that commercial off-the-shelf geographic 
information systems can generate and display over a web interface, i.e. static 2D visualizations with 
ESRI ArcGIS Server 9.3 as example implementation. Since technological constraints and capabilities 
are likely to change in the future, the paper also briefly discusses the possibilities offered by three-
dimensional displays and animations, although the software employed for this research supports 
them only partially. After first determining potential questions and resulting tasks of practitioners, 
the paper uses two criteria, i.e. graphical complexity and intellectual complexity, to evaluate several 
visualization techniques with regard to the identified user tasks. Thereby, the evaluation is task- and 
data-driven and considers key perceptual, cognitive and interactive determinants of successful map 
use (Dykes, 2005; A. M. MacEachren, 1995). The majority of visualizations can be viewed online 
through an interactive web-interface (http://gisserver.geo.uzh.ch:8399/Baecker2007/) with selected 
static graphics included here. 
The structure of the paper resembles the phases of the research: The next section briefly presents 
relevant background about management and design of public parks, followed by a section describing 
the new methodology developed for collecting the visitor activity data. Next, the fourth section 
presents the analysis of the data and the visualization of the results. The fifth section discusses and 
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evaluates the utility of these concrete design choices with regard to anticipated user tasks. The 
paper concludes with suggested implications for future park design and management. 
2 Opportunities and Challenges in Designing and Managing Public Parks 
This section gives background information on the overall rationale of the research approach, and 
public parks in general. The aim is to give a clear conceptual and referential framework for the 
argument developed in the following sections.  
An urban public park is generally conceived as a green space oriented towards recreation and public 
access rather than an area preserved for its natural features (Forsyth & Musacchio, 2005). Public 
parks provide social and psychological services that can be embedded in daily routines and can 
greatly increase the quality of life of citizens even if visited only occasionally (Chiesura, 2004; 
Thompson, 2002). By providing cultural diversity, public parks are also places where citizens can 
learn important values such as coexistence, cooperation, and tolerance (Garcia-Ramon, Ortiz, & 
Prats, 2004). Accordingly, they have been studied extensively (Matsuoka & Kaplan, 2008; van Kamp, 
Leidelmeijer, Marsman, & de Hollander, 2003).  
Two contemporary developments threaten to decrease the beneficial effects of urban public parks: 
One, urbanization reduces opportunities for outdoor recreational activities, thereby increasing the 
strategic importance of public parks even more (Manning & Valliere, 2001). Two, an increase in 
patterns of design and management that might exclude some potential visitors (Low, Taplin, & 
Scheld, 2005). Examples would include large mono-functional playing fields, no tables and benches, 
neglected playgrounds, and restrictive policies on certain activities such as sleeping or "hanging out". 
In consequence, informal processes of displacement can diminish equal participation and decrease 
social sustainability (Paravicini, 2002). Such processes can manifest within one park or in between 
parks or neighborhoods (Kuentzel & Heberlein, 1992; Ostermann & Timpf, 2007). Consequently, one 
of the greatest challenges for public authorities is to manage cultural and social diversity so that it 
improves social sustainability (Stren & Polèse, 2000). This challenge is even greater for urban parks, 
as they have to accommodate heterogeneous visitor needs within a small area. In order to identify 
best practices of design and planning as well as management strategies, one needs to know more 
about the usage and appropriation of small urban public parks. 
Remarkably, there is still little detailed information available about the actual usage patterns of 
public parks. Park usage studies have been mostly in the form of off-site surveys, with Zurich being 
no exception (Fischer, Stamm, & Lamprecht, 2006; GrünStadtZürich, 2005; Landolt & Schneider, 
2006). Few studies have collected data through observations (Baur, et al., 2000; Golicnik & Ward 
Thompson, 2009; Paravicini, 2002), and those used either aggregate data or a small sample. 
Moreover, there has been no systematic attempt to make the analysis process and the results 
accessible to policy makers or landscape designers, who very likely have limited experience with the 
analysis of multi-variate spatio-temporal data. Following a user-centered design perspective (Haklay 
& Tobon, 2003) similar to Jones et al. (2009), the following Table 1 gives information about the 
intended target audience: 
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Table 1: Key information about potential users 
First, however, a new methodology to support the collection of data on park use had to be 
developed. These methodological aspects of the Digital City are the focus of the next section.  
3 Observing and Recording Park Use 
Systematic observations are especially suited to gain data about everyday activities of people 
(Meier-Kruker & Rauh, 2005; Reuber & Pfaffenbach, 2005): The situation is less artificial than during 
an interview, and the direct influence of the researcher on the subject of investigation is minimized. 
Two possible approaches are videotaping and direct observations. While videotaping would have 
provided complete data on park use, legal and ethical issues made this option impractical (e.g. 
required parental consent for under-age visitors). Additionally, videotaping would have had to be 
announced to park visitors, with the possible effect of significantly altering their behavior. On the 
other hand, direct observations by three or four observers might have less impact on visitor behavior 
and pose no legal or ethical problems because of instant anonymization of individual visitors. 
However, one can expect it to introduce observer bias and greater uncertainty in the resulting data. 
Since the research objective was to collect representative information on park use, three parks in 
Zurich were observed over the course of three summer seasons (2005 to 2007). The aim was to 
include parks with adequate visibility and size from diverse neighborhoods. The possible implications 
of a selection bias are dealt with in Ostermann (2009). One of the parks, the Bäckeranlage, serves as 
example in this paper. It is an established park in a central, mid- to lower income multi-ethnic 
neighborhood with 42% non-Swiss citizens (Zürich, 2008) and few green spaces. Surrounded by 
traffic-intense streets, hedges and trees shield it on all sides. Originally planned as garden-type park 
and opened in 1900, it underwent several renovations and restorations, the last one around 2000 in 
order to contain an emerging open drug scene. In 2004, a new community center was built. Diverse 
infrastructure is available (see Figure 1). In the northwestern corner (not shown on the map) are also 
public toilets. All areas except number 9 were observed from April to June 2007 on 14 dry, warm and 
sunny days for a total of 28 hours. Each observation session lasted two hours, during one of four 
slots between 12:00 and 20:00 (i.e. from 12:00 – 14:00, 14:00 – 16:00, 16:00 – 18:00 or 18:00 – 
20:00). The sessions were distributed evenly over these slots and over the days of week. 
Figure 1: Map of the Bäckeranlage, showing infrastructure and design elements; source: GrünStadtZürich 
(data), the author (editing) 
Instead of recording the observations first with pen and paper and digitizing them subsequently, a 
mobile GIS solution allowed direct, encoded input of the observational data. Input devices were 
Tablet-PCs using the pen functionality under Microsoft Windows XP Tablet Edition, and running ESRI 
ArcGIS 9.2 (Figure 2). Several measures facilitated the recording of data: Pre-coded values could be 
selected from a drop-down list, the symbolization choices helped to distinguish already recorded 
data, and a reduced and customized GUI provided all relevant program functions. 
Figure 2: Screenshot showing the GUI during observations in the Bäckeranlage. The observer is about to 
select an activity for a newly digitized event; source: the author 
The underlying data model is object-relational with linear discrete time based on the observed 
geographical entities (i.e. the visitors). The database implementation records only valid time and 
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uses a versioning/time-stamping approach with two linked tables: A temporal object table stores the 
static data about individual visitors, with a unique ID as primary key and the attributes of age, 
gender, group, and notes. Each individual activity of a visitor constitutes an event that is recorded in 
the temporal observation table as point data. Point attributes are the park visitor's ID, start time, 
location and type of activity. Each permanent shift of location or change in activity is recorded with a 
new entry that keeps the visitor’s original unique ID. In the pre-processed state, this is still an object 
change view (Beard, 2007), because no information about previous events of the same individual is 
contained within the event information.  
Gender categories are “male”, “female”, or “unknown” for infants. Age consists of the categories 
“Child”, “Teenager”, “Adult” and “Senior”. Activity is the most detailed variable with almost twenty 
categories. In case of a frequent change between activities, or simultaneous activities like talking and 
eating, the observer could distinguish between a primary and a secondary activity. Group was 
recorded with a unique ID that all individual park visitors of the same visitor group shared. 
Before the observations, it was necessary to establish sufficient intercoder reliability, and assess the 
effect of the data recording method on data quality. The observers were trained in the use of the 
input device, the choices of selecting attributes, and the estimation of locating visitor activity. Then, 
three observers recorded the same visitor activities. A comparison of the three datasets showed a 
discrepancy of less than 1 % in attributes, resulting mainly from ambiguous activity types and leading 
to the additional refinement of categories. Concerning data quality, the terminology of uncertainty is 
inconsistent in the literature, and many classifications exist (Duckham & Sharp, 2005; Fisher, 1999; 
Zhang & Goodchild, 2002). For this purpose, the relevant types are inaccuracy (deviation from 
ground truth, or error), and incompleteness (missing data). The spatial inaccuracy varies over the 
observed area between one and two meters. The temporal inaccuracy is about one minute. 
Inaccuracy and incompleteness was kept at a minimum by terminating the observations when the 
overall activity level exceeded the observer's cognitive limits. This issue is addressed in detail in 
Ostermann and Timpf (Ostermann, 2009; Ostermann & Timpf, 2007, 2009).  
In general, the observations proceeded without major problems. Only three park visitors (two of 
them children) asked the observers about their activity, showing positive reactions to the observers' 
explanations. This is an indication of the low impact the observations had on the activities in the 
park. After the observations, the data was checked for syntactical errors, such as multiple or missing 
entries, and out-of-range values. If possible, the errors were corrected, e.g. a clearly wrong group ID 
could be reconstructed if the data tuple had the same event time as other spatially close tuples, thus 
suggesting an affiliation to that group. About 2 % of all data had correctable errors. The remaining 
erroneous data tuples (less than 1 %) were eliminated. Next, the end time and duration for the 
events was calculated by looking up subsequent entries of the same individual park visitor. Further, 
the large number of activity types was reduced by a reclassification into the broader categories of 
“Static Solitary” (e.g. sunbathing, sleeping), “Static Interactive” (e.g. talking, card games), “Eating”, 
“Dynamic Regular” (e.g. football with a dedicated playing field), “Dynamic Irregular” (e.g. children 
running around), “Playgrounds”, and “Water” (e.g. at pools). In case of primary and secondary 
activities, a hierarchical approach chose the activity with the greatest impact on its surroundings (i.e. 
Dynamic over Static) and assigned it as the new primary activity. In total, the observations in the 
Bäckeranlage in 2007 registered more than 750 visitors. 
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4 Visually Analyzing Park Use Data 
This section explains the rationale behind the choice of visualization techniques. The focus is on the 
visualization techniques available through the interface of a commercial off-the-shelf Web-GIS 
server (ESRI ArcGIS 9.3). Additionally, examples of three-dimensional and animated displays offered 
by the desktop version of the software are also discussed. While the web interface of this particular 
software solution currently does not support them, these limitations might change quickly.  
4.1 Overview of Geographic Visualizations  
Geographic visualization techniques are a valid approach to deal with rich, multi-variate 
geographical data during all phases of a research process (Gahegan, 2005). While cartographers 
primarily regarded maps as a medium of communication to the public, during the past two decades 
researchers began to think of maps as tools that support visual thinking, knowledge construction, 
and decision-making (A. M. MacEachren, 1995). Geographic visualization has been the focus of much 
research activity, and many results have found their way into the geographic curriculum. However, 
visualization theory has not always been able to keep up with technological advancements 
(Harrower & Fabrikant, 2008). As a result, many limitations and problems of new visualization 
techniques have only recently come under scrutiny, and empirical evidence on cognitive and 
usability issues through evaluation remains scarce (T. Slocum, et al., 2001). A ready-to-use 
methodology does not exist, and the development of spatio-temporal visualization tools is still 
largely an empirical endeavor supported by more or less systematic evaluation (G. Andrienko, et al., 
2007; N. Andrienko, Andrienko, & Gatalsky, 2005; Alan M. MacEachren & Kraak, 2001).  
For visualizing spatio-temporal data, computer cartographers and analysts have employed several 
strategies. From a multitude of classifications, this paper identifies three basic strategies. First, 
symbology can serve as sign-vehicle. Examples include spring graphs, isochrones and geometrically 
distorted cartograms. Employing the third dimension is also an option to display a temporal attribute 
of data (Wood, Kirschenbauer, Döllner, Lopes, & Bodum, 2005). Space-time cubes can be used either 
to display the temporal attributes of phenomena that have a fixed location, such as traveling times 
or opening hours of service locations, or those that change location, such as individual moving point 
data (Kraak, 2003; Kwan, 2004; Yu, 2006). Second, time seems like a “natural” or “intuitive” choice 
for visualizing time and change through animated visualizations (Acevedo & Masuoka, 1997; 
Harrower, 2004). In comparison to static maps, they have the additional characteristics of temporal 
scale, temporal resolution, and pace (Harrower & Fabrikant, 2008). Also, they offer additional visual 
variables that can be used to convey information, including duration, rate of change, order, display 
date, frequency, and synchronization (DiBiase, MacEachren, Krygier, & Reeves, 1992). Third, 
coordinated multiple views display the same data in different ways (Roberts, 2007) and are used 
mainly for exploratory analysis. Small multiples use the same type of display (e.g. map section) for 
visualizing distinct attributes, including time (Tufte, 1991). Other examples include tools that allow 
the simultaneous display of small multiple conditioned choropleth maps for hypothesis generation 
(Carr, White, & MacEachren, 2005). All three strategies can also be combined (Zhao, Forer, & 
Harvey, 2008). 
For the envisioned user interests (see Table 1), animated visualizations do not seem to offer much 
benefit for several reasons: They cannot be employed during the exploration phase when the user 
gets acquainted with the data, because the observation sessions are spaced over several weeks and 
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occur at different places and times of day. Neither the daily time series nor the spatial extent of the 
data are complete at this stage and thus, one would have to look at each observation session 
separately. Further, although there is evidence that animated representations enable users more 
often to identify correctly clusters and patterns (Griffin, MacEachren, Hardisty, Steiner, & Li, 2006; T. 
A. Slocum, Sluter, Kessler, & Yoder, 2004), concerns have been raised about their analytical value. 
This critique focused largely on perceptual and cognitive overload  and its effects on the 
interpretation of data (Bunch & Lloyd, 2006; Tversky, Morrison, & Betrancourt, 2002). Andrienko et 
al. (2005) argue that a main problem is the missing opportunity for an analyst to compare directly 
states at different moments in time. The interface of the Web-GIS employed in this research does 
not provide support for comparison and trend detection in animations. Therefore, animations only 
seem feasible for specific instances of visitor activity, and the following exploration and analysis 
relies on multivariate symbology and multiple views.  
4.2 Exploring the Data with Dot Maps 
The original data is in the form of discrete, abrupt phenomena: Points showing the location of a 
specific event with several attributes. For a first exploration, qualitative dot maps are suitable. Since 
a single dot represents exactly one individual event, the concerns of quantitative dot maps (dot size, 
unit value, and placement) are not relevant here. The four age categories are scaled ordinally and 
unipolar, so that varying lightness in a sequential scheme is the best choice for visually encoding the 
different age groups with perhaps a minor variation in hue to extend the visual range (Brewer, 
2005). Nominal data with only three categories such as gender could be symbolized using 
orientation and shape. However, hue was used because it provides a higher contrast and clearer 
distinction of adjacent points, and empirical research has demonstrated that it is more effective than 
orientation (Garlandini & Fabrikant, 2009). Similarly, the activity categories are also nominal in scale. 
For seven classes, orientation and shape become more difficult to distinguish, and different hues are 
preferable. Multivariate visualizations allow examining relations between the variables. The 
combination of several attributes (such as gender and activity) in a single visualization facilitates the 
comparison task. However, the large number of categories for a combined display of gender and 
activity complicates the choice for adequate symbolizations. Shape is used for gender and different 
hues for activity types.  
Figure 3: Qualitative Dot Maps showing the total park use observed in 2007 classed for visitor age (upper 
left), visitor gender (upper right), activity type (lower left), and gendered activity type (lower right); online: 
under "Map Contents", choose "CEUS Figure 3"; source: the author 
A common problem occurring in the static dot maps is occlusion at hot spots of activities, where 
multiple points (i.e. events) overlap. This problem becomes more severe if shape is a visual variable. 
It also renders orientation as visual variable practically useless. Among the possible solutions is an 
automatic rearrangement of the point data within the known margin of error of the data. However, 
this would not solve the problem for most hot spots without additional spatial distortions, possibly 
leading to highly spatially distorted cartograms. These would run contrary to the intended intuitive 
exploration of unmodified data, and very likely conflict with the skills and experiences of the 
intended user group. Another, less computationally intense and less cognitively taxing solution is to 
integrate spatially close events and use a quantitative, proportional symbology (several radii were 
tested, Figure 4 shows r=10 m). Careful selection of layer order avoids occlusion, i.e. the most 
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frequent age group (adults) is the lowest layer. Another option would be transparency, which is 
currently not supported by the software used here. 
Figure 4: Quantitative Dot Map showing the total park use observed in 2007 as proportional symbols, 
classed for visitor age; online: under "Map Contents", choose "CEUS Figure 4"; source: the author 
Another option to reduce overlap in the dot maps could be to use space-time cubes by mapping the 
temporal attribute of points to the third dimension. However, 2D projections of a 3D space still 
suffer from occlusion and cluttering, as Figure 5 shows, and have to rely on interactive manipulation 
through filtering and rotation to mitigate against this issue. Because of these fundamental problems 
and the current lack of possibility to display them via the GIS-Server’s web-interface, space-time 
cubes were not further investigated.  
Figure 5: Space-time cube showing the activity type (same color scheme as Figure 3), location, start time, 
and duration (by extruding the points); source: the author 
4.3 Visual Analysis of Spatial Statistics 
A qualitative visual exploration already indicates specific distributions of visitors. There are trends 
such as a peripheral occurrence of dynamic activities that contradict perceived or expected 
distributions (Paravicini, 2002). After having recognized possible patterns in an exploratory phase, 
the next step is to compare them spatially within and among parks, and temporally between time 
windows. In principle, small multiples would be a promising technique. However, as Figure 3 shows, 
the large number of features requires a small symbol size that would lead to a loss of detail. Instead, 
a quantitative approach calculating spatial statistics promises several advantages. For one, 
relocation of a visitor's activity has been recorded as a distinct event. Frequent relocation of some 
visitors during their stay might thus lead to a bias in the visual analysis. A quantitative approach in 
which weights are applied according to duration of event can compensate for this effect. Further, an 
aggregated and less complex depiction facilitates comparisons and helps to identify patterns. 
Therefore, the data was analyzed using several methods established in spatial analysis for 
summarizing point distributions, among them mean centers and standard deviational ellipses. Other 
methods, such as bag plots (Rousseeuw, Ruts, & Tukey, 1999), could not be implemented with the 
current software configuration. 
Figure 6: Mean Center and Standard Deviational Ellipses for the total park use observed in 2007 (upper 
left), classed for visitor age (upper right), visitor gender (lower left) and activity type (lower right); online: under 
"Map Contents", choose "CEUS Figure 6"; source: the author 
In the case of the mean centers, the same conditions (unipolar variables scaled nominally or 
ordinally) as in the dot maps apply, and the same symbolizations are used. The standard deviational 
ellipses, if combined on a single visualization for the sake of comparison, are represented best as 
linear features (unfilled polygons), so that they do not occlude each other. The visual variables of 
size, shape, and orientation already display the length and direction of the standard distance. Using 
the same hues as in the dot maps increases the familiarity with and cohesiveness of the 
visualizations. This enhances understanding, while small multiples may further facilitate comparison. 
Computationally, it would be possible to temporally disaggregate the data and look at each instant. 
However, there were periods when only a very limited number of visitors were present in the parks. 
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As with all statistical measures, using a small sample is not advisable since outliers could distort the 
result severely. 
4.4 Visual Analysis of Kernel Density Estimations 
The discrete object-based event data was transformed in a subsequent analysis step into 
continuous, field-based data by performing kernel density estimations (KDE). The aim was to show 
the spatial distribution of intensity of park use. All calculations used the same parameters: A cell size 
of one meter, output units of square meters, a search radius of 10 meters and duration as weight. 
The search radius is an important parameter. Since there are no absolute units of space use per 
area, a heuristic approach led to a value of 10 meters. For each age and gender (Figure 7) class, 
separate KDEs were calculated. By subtracting the values of male density from those of female 
density, it is possible to show the relative density or “surplus” of each gender. The activities (Figure 
8) are grouped into general static ones (Static Solitary, Static Interactive, and Eating) and general 
dynamic activities (Dynamic Irregular, Dynamic Regular, Playgrounds, and Water).  
Figure 7: Kernel Density Estimates for the observed park use, female visitors (upper left), male visitors 
(upper right), all visitors (lower left) and combined gender „surplus“(lower right); online: under "Map 
Contents", choose "CEUS Figure 7"; source: the author 
Figure 8: Kernel Density Estimates for the observed park use, static activities (left) and dynamic activities 
(right); online: under "Map Contents", choose "CEUS Figure 8"; source: the author 
The absolute values differ significantly. They are dimensionless but listed to enable comparisons. 
Using the same minimum and maximum values for the unclassified symbolization would have 
facilitated comparison, at the expense of then not discernable details. The stretch parameter is two 
standard deviations, i.e. all values greater than two standard deviations are mapped with the 
maximum color value. This reflects the fact that the maximum absolute value is only meaningful in 
comparison to other maxima from the same data set, since it is dependent on the number of total 
observation hours: The longer the observations, the more activity would have been observed, and 
the higher this value would be. Therefore, a stretch parameter of two standard dimensions results in 
the impression of a higher activity density. However, this reflects a valid extrapolation of the 
representative data and smoothes outliers that might be the result of a single observation session. 
The relative density of male versus female visitors uses a bipolar color scheme. The intensity of park 
usage can also be depicted by using height with a 2.5D surface map, effectively encoding the 
intensity of use twice. Since the utility of such double encoding is debatable, it is not reproduced 
here (see section 5).  
The intensity of space use over time could also be mapped to the third dimension using a true, 
volumetric 3D depiction. In this case, the problem of occlusion would be even more severe than in 
the example of the space-time cube shown before, because it would not be possible to see the data 
within. This problem has not been solved adequately yet (Brunsdon, Corcoran, & Higgs, 2007). 
4.5 Representing Uncertainty 
Another important issue is the depiction of the uncertainty inherent in the data. Generally, 
uncertainty can be visualized using either intrinsic or extrinsic methods. The latter depends on 
additional symbology such as glyphs or other objects, the former on the use of visual variables. 
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Practitioners seem to prefer intrinsic methods that are visually less complex (Alan M. MacEachren, 
et al., 2005), with color values being the most promising encoding. This would interfere with the 
visualization of actual values if a single color scheme is used (i.e. values were depicted using 
lightness). Saturation would be also a good candidate, while resolution can be mistaken for 
homogeneity of values. Crispness is not appropriate for continuous data, and transparency would be 
difficult to implement and interpret in this specific case. 
The description of the data in the previous sections has shown that the uncertainty is mainly 
associated with the spatial boundaries of space use and very difficult to quantify, i.e. observed or 
calculated values do not differ from a real-world value by a measurable margin. Because of this and 
the target audience, extrinsic visualizations are not a promising avenue. It is important to keep in 
mind that an accurate depiction of uncertainty still fails in its purpose if the disseminated 
information is easily misinterpreted. Explicitly showing uncertainty does not automatically lead to 
“better” decisions (Hope & Hunter, 2007). In the case of kernel density estimates, the uncertainty is 
already inherent in the derived values and therefore needs no explicit visualization. An entirely 
different approach would be a sensitivity analysis, by calculating several runs of the analysis with 
varying parameter values and comparing the results (Ostermann & Timpf, 2009).  
5 Evaluation and Discussion of Visualizations 
This section states more precisely the expected tasks of practitioners when exploring and analyzing 
the observation data. The overall workflow follows the general research and knowledge discovery 
process of exploration, analysis, synthesis and evaluation (Gahegan, 2005). Similar to Jones et al. 
(2009), an analyst instead of a practitioner chose the computational analysis methods and visual 
symbology (see preceding section). The rationale behind this approach is that many geovisualization 
applications lead to a focus on map manipulation and not knowledge generation. In fact, an over-
reliance on a complex interface can alienate users and impair knowledge construction. While the 
advantages of high interactivity include the possibility for an expert to scrutinize the data 
thoroughly, it can also impose a barrier for naïve users, who not only have to deal with the 
complexity of the data, but also the complexity of the interaction possibilities. The aim here is to 
prepare visualizations that allow practitioners, not a researcher or software developer, to gain 
knowledge in a human-centered approach. Therefore, the aim is to evaluate the utility of the 
visualizations and not the usability of the interface.  
5.1 User Tasks and Evaluation criteria 
The user perspectives formulated in section 2 (Table 1) lead to a number of tasks that the potential 
users will want (or have) to perform. The following Table 2 summarizes the key user tasks (Koua, 
MacEachren, & Kraak, 2006):  
Table 2: User questions and corresponding user tasks 
Note that the task of comparisons between parks would be beyond the scope of this paper. An 
analyst might start by first opening web-interfaces for each park, and then proceed as in the 
example of the Bäckeranlage. 
As has been said in the introduction, the two evaluation criteria are graphical complexity and 
intellectual complexity. Further, a subjective assessment of the each visualization technique's utility 
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is attempted. Adequate graphical complexity entails that no information load exceeds perceptual 
and cognitive limits of an observer. The result of such an information overload would be that the 
observer misses information about small but important or even major trends. Several approaches to 
measure graphical complexity exist (Rosenholtz, Li, & Nakano, 2007). In this paper, a comparatively 
straightforward approach suggested by Fairbairn (2006) is used, in which file compression methods 
are a substitute for measuring graphical complexity. To this end, the visualizations were exported as 
uncompressed TIFFs with an identical resolution and without background map, and then 
compressed using Zip Deflate Ultra compression and LZW Tiff compression algorithms. On the other 
hand, intellectual complexity is very difficult to assess, because it depends largely on the user's prior 
knowledge, skills, and experience. However, this paper argues that intellectual complexity generally 
increases with the degree of intermediate transformation and analysis steps between the “ground 
truth” of directly observed visitor activities and the end result in form of an abstract visualization in a 
web-interface. The reason is the need of a user to understand the methods and processes that led to 
the highly abstract visualization in order to interpret it. The following evaluation therefore measures 
the level of abstraction of a visualization technique qualitatively and uses it as a substitute to 
intellectual complexity. Table 3 summarizes the results of the following discussion and evaluation, 
classifying the characteristics of level of abstraction, graphical complexity and utility as "low", 
"medium" or "high".  
Table 3: Characteristics of the employed visualization techniques 
5.2 Exploration of the Point Data 
Typical user tasks during the exploration phase (identify, locate, distinguish, categorize) profit from a 
low level of abstraction and low graphical complexity. In these respects, the dot maps are 
ambivalent. On the one hand, the level of abstraction is rather low. The concept of “one point = one 
park visitor” is not very abstract from ground truth. Informal experience of the author with the 
dissemination of the maps has shown that the ease of understanding the dot maps is appealing to 
lay GIS users. On the other hand, the visualizations suffer from cluttering and occlusion, and their 
graphical complexity seems high, making zooming and panning necessary to discern some details. 
Nevertheless, the compression works well: The maps were compressed to an average of 0.7% (Zip) 
or 2.8% (LZW) of their original size. One possible solution to reduce the cluttering is additional 
disaggregation of the data, i.e. by showing each observation session or activity type separately. 
However, this would result in a very large number of small multiples. Despite these problems, the 
dot maps' utility during the exploration was high, because they can be produced easily and quickly, 
and they allow the user to perform the exploratory tasks of identification, localization, distinction 
and categorization.  
Using the third dimension to display the data encounters several problems: First, the level of 
abstraction is significantly higher. While space-time cubes are an established visualization method in 
geovisualization research, the use of the third dimension to depict time is yet uncommon in 
mainstream GIS. Further, the visualizations are graphically very complex and become perceptually 
and cognitively overwhelming. The visualizations could be compressed to only about 1% (Zip) or 
4.2% (LZW) of their original size. The cluttering introduced by the large number of points made the 
reasoning or deductions of spatio-temporal distributions very difficult. In order to provide 
information on the duration of a visitor’s activity, the point features can be extruded according to 
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their duration. However, such visualizations are even more visually overwhelming and cluttered. 
These are common problems with this visualization technique that have not been solved adequately 
yet. A workaround would be to reduce the number of features by selecting only those that fall within 
a specified time interval window. However, in this case the end time or the duration (by extruding 
the points) would have to be depicted. Otherwise, one would miss the events that start times are 
outside the time interval window, but which are still active in the park. Increasing levels of 
interaction to allow on-the-fly manipulation of viewer perspective, zooming and filtering is therefore 
a prime requisite for the effective use of this visualization method. Even if this is possible in other or 
future software configurations, the high level of interaction required is contrary to this paper’s 
premise of “less is more” and renders this visualization technique of doubtful value to practitioners.  
5.3 Recognition and Comparison of Patterns 
The most important tasks during the analysis phase are to discern patterns (cluster, distributions) of 
park use and to compare them between different attributes, spatial extents (within parks, between 
parks) and periods in order to detect possible processes of exclusion or domination. The possible 
combinations of attributes result in a large number of pattern recognition and comparison tasks. A 
low graphical complexity facilitates these tasks. The graphical complexity of the Mean Center and 
Standard Deviational Ellipse displays seems significantly lower than in the dot maps, but surprisingly 
the compression is only slightly higher, i.e. to 0.4% (Zip) or 2.6%(LZW) of their original size. However, 
the intellectual complexity is much greater for lay users due to the preceding statistical analysis. 
Additionally, the results can also be misleading. Consider the SDE for Playground activities, which 
suggests that the activities take place in a narrow band in the northern western corner of the 
Bäckeranlage, when in fact they occur at two distinct locations (4 and 7 in Figure 1). Despite this 
shortcoming, SDEs can provide advantages even for practitioners when combined with other 
techniques, because they facilitate repeated tasks of pattern recognition. Compared to the dot 
maps, the continuous isarithmic visualizations of Kernel Density Estimates also seem to have a lower 
graphical complexity. However, their compression is similar to the other 2D visualizations, i.e. 0.6% 
(Zip) or 2.7% (LZW). The density surfaces could be shown as small multiples for a large number of 
snapshots and/or variables, offering the best basis for visual comparisons. Despite this advantage, 
the intellectual complexity is much higher for correctly interpreting the KDEs. The level of 
abstraction is not as high as for the MC/SDE visualizations, because the representation of extent and 
intensity of visitor activities matches common cartographic and knowledge schemata. In summary, 
they support visual cluster detection and pattern recognition well, showing some interesting 
patterns for the Bäckeranlage. Therefore, their utility for the analysis of the visitor activities is high. 
For a further in-depth analysis of specific situations, three-dimensional space-time cubes or dynamic 
visualizations can be used. The combination of low graphical complexity and aggregated information 
content makes MC/SDE visualizations especially likely candidates. However, the number of 
concurrent park visitors was frequently too low for a statistical analysis. Further, both approaches 
need direct manipulation of the underlying data and are therefore mainly suitable for a GIS expert. 
In order to identify typical patterns, a user needs to synthesize the information that was extracted 
from the various visualizations during all previous phases of the analysis. In this case, it is possible by 
visually (qualitatively) correlating and associating the produced combinations of multi-variate 
visualizations in an iterative process. For the example of the Bäckeranlage, the author discerned the 
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following distinct activity or visitor groups (in parentheses the corresponding areas from Figure 1): 
There are predominantly male visitors playing soccer on the smaller grass area (9) or table tennis (6). 
Children mostly use the park infrastructure of statues (4) or climbing structure (7). If the pools (5) 
are filled with water, they are also an attractor. Although they were mostly empty during the 
observations in 2007, the records from 2006 show high visitor activity there. Women with small 
children or infants are mainly in the quieter southeastern area or in the shade of large trees (8). 
Solitary visitors with static activities (sunbathing, reading, and sleeping) are almost exclusively in the 
southeastern corner of the large grass area (8) that is surrounded by waist-high hedges. Senior 
visitors sit on the benches surrounding the central area and the patio (2). Larger groups that pick-
nick or BBQ are on the southern and western grass areas (8). Finally, young adults sunbathing or 
communicating (either face-to-face or with mobile phones) are concentrated on the small hill (3).  
5.4 Discussion of Evaluation 
A possible issue of the evaluation is its degree of subjectivity. Concerning the evaluation criteria, the 
results of the compression measure show that it is not sufficient to use it alone for determining 
graphical complexity. The graphical complexity of the dot maps is significantly higher than that of the 
other 2D techniques, but the large number of objects does not show in the level of compression. A 
future task would be to apply the alternative measures described in the literature (Rosenholtz, et al., 
2007). Intellectual complexity is difficult to measure objectively. Although it is reasonable to 
substitute it with a level of abstraction, this approach has not yet been verified empirically. Finally, in 
this case study, the analyst preparing the visualizations and the practitioner trying to extract 
knowledge are the same person, i.e. the author. However, the argument developed in this paper is 
based on results from other research and numerous contacts with practitioners, and is embedded in 
a clear conceptual framework. Further, for the purposes of the research project, the author had to 
acquire fundamental knowledge in both geographic visualization and landscape design and 
management. Thus, the author has the advantage of being familiar with the needs of researchers 
and practitioners alike: 
A researcher’s interest is in detailed, multi-variate visualizations. Graphical complexity or high 
abstraction is less of an obstacle and might be preferred to a potential loss of information. A 3D 
visualization like the space-time cube can provide additional insight, if possible with a high level of 
interaction. Animated visualizations can introduce “change blindness”, meaning that events or 
patterns might be missed during playback because of the large number of features displayed 
(Garlandini & Fabrikant, 2009). However, there are possible solutions, such as showing a level of 
detail depending on the speed of the animation, thereby reducing graphical complexity so that the 
rate of change does not exceed human perceptual and cognitive capabilities. Once the animation 
stops, additional detail such as overlaid dot maps can provide more information on the current 
situation. Alternatively, extracting features from surfaces can be another option to reduce graphical 
complexity (Rana & Dykes, 2003). 
In contrast, a practitioner might not be concerned as much with the actual analysis as a researcher. 
More important are overviews that show where specific problems might exist. Either these problems 
can then be addressed through additional empirical work, such as traditional interviews, or through 
direct action such as changing the design and layout of parks and comparing the actual results to the 
intended results. To this end, the dot maps and a simple overview density maps are sufficient, where 
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the level of abstraction and complexity is comparatively low. The analogy of “one dot = one activity” 
is intuitive. A 2.5D surface showing the density or intensity of park usage as height can enhance the 
communication via double encoding, but is not necessary. Animated visualizations could play an 
important role in the communication of knowledge by selectively using them to highlight typical 
patterns or problems.  
6 Conclusion 
This paper has argued that public parks are an important asset to the quality of life of urban citizens. 
Yet at the same time, they face specific and urgent problems, i.e. increasing scarcity and the need to 
accommodate diverse and conflicting needs of visitors. The research presented here has observed, 
recorded and analyzed park use in three public parks in Zurich. A new observation methodology was 
developed, including data criteria, guidelines and software/hardware customization. The resulting 
large dataset on individual park use was analyzed with a multitude of techniques, focusing on a 
combination of spatial statistics and visual analysis. 
The visualization of park use provides two main advantages. One, it facilitates the generation of 
hypotheses during the exploratory phase, and guides further statistical and spatial analysis. Second, 
it also lowers the access barrier for practitioners in the design and management of public spaces to 
use quantitative data for the improvement of public parks. Very often, complex interfaces negate 
this positive effect of visualization and act as new barriers. Accordingly, this research focuses pre-
designed visualizations displayed over a web-interface with limited interactivity. 
The visualizations were evaluated using a simple framework based on the level of abstraction and 
graphical complexity. For the specific purpose of exploring the distribution of park visitors and their 
activities, qualitative dots maps provided an adequate starting point. They also proved the easiest to 
query, to manipulate and to animate, thereby showing merit as a tool for practitioners. However, 
they suffer from the problems of cluttering and occlusion when used for a large dataset, interfering 
in particular with an in-depth analysis. The results of quantitative analysis of space use, i.e. spatial 
statistics and density distributions, demand higher level of abstraction and some knowledge about 
the underlying analysis methods. Overall, there is a tradeoff between the lower level of intellectual 
complexity of the discrete dot maps and their reduced analytic value, and the higher level of 
abstraction of the continuous isarithmic maps and their increased suitability for visual analysis. In 
general, animated visualizations do not seem well suited for exploration or analysis. Either they are 
visually extremely complex, possibly leading to details or even trends being missed. Alternatively, a 
large number (one for each observation session or attribute to be mapped) has to be generated, 
analyzed, interpreted and compared to the others. Thus, they are best suited for showing exemplary 
cases of park use. Used in conjunction, qualitative dot maps and continuous density surfaces 
promise to enable a practitioner to gain valuable insights through visualization, even via a web-
interface with limited interactivity. 
A next step would be a systematic evaluation of the visualization types by domain experts. 
Practitioners and researchers could comment and test the suitability for a given set of tasks. Finally, 
some selected visualizations could be made available to potential park visitors for a test of their 
respective suitability for conveying information about park use, and the effect such information 
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Figure 1: Map of the Bäckeranlage, showing infrastructure and design elements; source: GrünStadtZürich 





Figure 2: Screenshot showing the GUI during observations in the Bäckeranlage. The observer is about to 






Figure 3: Qualitative Dot Maps showing the total park use observed in 2007 classed for visitor age (upper 
left), visitor gender (upper right), activity type (lower left), and gendered activity type (lower right); online: 





Figure 4: Quantitative Dot Map showing the total park use observed in 2007 as proportional symbols, 




Figure 5: Space-time cube showing the activity type (same color scheme as Figure 3), location, start time, 





Figure 6: Mean Center and Standard Deviational Ellipses for the total park use observed in 2007 (upper 
left), classed for visitor age (upper right), visitor gender (lower left) and activity type (lower right); online: under 





Figure 7: Kernel Density Estimates for the observed park use, female visitors (upper left), male visitors 
(upper right), all visitors (lower left) and combined gender „surplus“(lower right); online: under "Map 





Figure 8: Kernel Density Estimates for the observed park use, static activities (left) and dynamic activities 















Table 2: User intentions and corresponding user tasks 
 
 
Table 3: Characteristics of the employed visualization techniques 
Question User perspective 
Who will be using the visualizations? 
Practitioners and decision makers with little GISc 
expertise 
What will they be doing? 
Explore data 
Compare patterns within one park 
Compare patterns between parks 
Synthesize information into types of use  
Why are they doing it? Detect patterns of exclusion or domination 
Where are they doing it? 
From work, however the availability of visualization 
software cannot be guaranteed 
How will they be doing it? 
Using a Web-GIS to access pre-calculated and pre-
rendered visualizations 
User intention User tasks 
Explore data Identify, locate, distinguish, categorize 
Compare patterns within one park 
Compare patterns between parks 
Cluster, Distribution, Compare 











Utility during ... 
Zip LZW exploration analysis 
Dot Map low high 0.7%  2.8% high low 
SDE high low 0.4% 2.6% medium medium 
KDE medium medium 0.6% 2.7% medium high 
STC high high 1.0% 4.2% low low 
